High tibial osteotomy (HTO) is usually performed as an effective surgical intervention for patients with medial knee osteoarthritis and varus malalignment. The procedure aims to realign the lower limb to redistribute the weight-bearing load from the damaged medial compartment to the relatively unaffected lateral compartment of the knee.[@bib1], [@bib2] This technique has several advantages over the lateral closing-wedge HTO. One of them is to avoid carrying out a fibular osteotomy and, likewise, the associated risk of peroneal nerve complications.[@bib3], [@bib4] Several authors have reported superior clinical outcomes of the traditional supratubercular open-wedge HTO (OWHTO) over the infratubercular OWHTO because of the lower non-union rates.[@bib5], [@bib6] However, a supratubercular OWHTO leads to a decrease in patellar height and tends to increase the sagittal tibial slope.[@bib7] Some authors have recently advocated for the use of a standard infratubercular HTO in cases of patella infera with the aim to widen the indications for OWHTO.[@bib8]

The aim of this work is to describe a technical modification of the standard OWHTO, consisting of a double inverted L-shaped cut (L-OWHTO). It includes the anterior tibial tuberosity in the proximal fragment and is designed for cases with a patella with a height that may lead to a low postoperative patella. Additionally, the described order of osteotomy fixation contributes to better control of the postoperative tibial slope.

 {#sec1}

Preoperative Study {#sec1.1}
------------------

•Full-weight-bearing long-leg standing anteroposterior radiographs were done to determine the angle of the extremity and the desired degree of correction ([Fig 1](#fig1){ref-type="fig"}). A postoperative anatomic femoral-tibial axis of 5° to 8° valgus and a mechanical axis around the Fujisawa point was the goal.[@bib9]Fig 1(A) Full-weight-bearing long-leg standing anteroposterior radiographs. (B) Measurement of the Caton-Deschamps index (CDI) and the posterior tibial slope (TS).•The Schuss or Rosenberg radiographic view[@bib10] was used to evaluate the joint line space.•A lateral non-weight-bearing radiography of the knee at 30° of flexion was used to measure the posterior tibial slope as well as the patellar height. The posterior tibial slope was determined by the angle between a line passing through the posterior cortex of the tibia and tangent to the tibial plateau (parallel to the joint slope).[@bib11] The patellar height was calculated with the Caton-Deschamps index (CDI) ([Fig 1](#fig1){ref-type="fig"}). Based on this parameter, the indication for L-OWHTO was seen when the CDI was less than 1. In cases in which the CDI was between 1 and 1.2 but with a planned correction greater than 10°, the authors also chose the same technique.

Surgical Technique {#sec1.2}
------------------

The patient was positioned supine om the operating table with the knee at 90° of flexion, using a distal foot support and a lateral support for the thigh. Once an arthroscopic evaluation of the knee was done, a 6- to 7-cm longitudinal approach midway between the tibial tuberosity (TT) and the posteromedial border of the tibia was performed ([Fig 2](#fig2){ref-type="fig"}). The semitendinosus and gracilis tendons were released as was the distal insertion of the superficial medial collateral ligament. A Hohmann retractor was placed between the superficial medial collateral ligament and the posterior cortex of the tibia. The patellar tendon was identified and protected with a retractor.Fig 2Right knee, medial view image showing patient positioning on the operating table. Longitudinal approach midway between the anterior tibial tuberosity and the posteromedial border of the tibia. (JL, joint line; P, patella; PT, patellar tendon.)

Osteotomy {#sec1.3}
---------

The L-OWHTO has 2 osteotomy planes. Whereas the horizontal cut is similar to the standard OWHTO, the vertical part of the osteotomy runs posterior to the anterior tibial tubercle. Under fluoroscopic control, a 2.4-mm Kirschner guidewire was placed in the medial cortex of the tibia at the metaphyseal-diaphyseal transition zone aimed toward the tip of the fibular head in a proximal and posterolateral direction ([Fig 3](#fig3){ref-type="fig"}). To avoid peroneal nerve injury during this step, the tip of the K-guidewire should end at 1 cm of the lateral tibial cortex. The desired vertical section of the inverted L-osteotomy was marked with electrocautery and subsequently performed. The K-wire guided the sagittal cut performed in the posterior two-thirds of the tibia. Maintaining perfect perpendicularity to the main axis of the bone on the sagittal plane is crucial to preventing tibial slope modifications. This section of the osteotomy should end 1 to 2 cm medial to the lateral tibial cortex. The use of a calibrated saw and osteotome allows for reducing the use of an image intensifier and thus the dose of radiation.Fig 3Fluoroscopic control imaging. Right knee, medial view. A 2.4-mm Kirschner guidewire is placed in the medial cortex of the tibia, aimed toward the tip of the fibular head in a proximal and posterolateral direction. To avoid peroneal nerve injury during this step, the tip of the K -guidewire should end 1 cm of the lateral tibial cortex.

The second section of the osteotomy was vertical on the coronal plane and it extended 3 to 4 cm distally, thereby keeping the TT together with the proximal segment of the osteotomized tibia. The TT fragment should maintain a thickness of about 10 mm in the most proximal part to minimize the risk of fracture ([Fig 4](#fig4){ref-type="fig"}). The desired correction was achieved using a metallic wedge introduced into the most posterior part of the osteotomy site. That created a trapezoidal gap that minimized the risk of any tibial slope increment ([Fig 5](#fig5){ref-type="fig"}). The one or two 3.5-mm anteroposterior cortical screws fixing the TT were secured before the osteotomy plate was put in place. This screw fixation prevents the anterior tilting of the TT that leads to an increase of the posterior tibial slope. Then, the locking LOQTEQ HTO plate (Aap Implantate AG, Berlin, Germany) was accordingly fixed. This plate allows for fixation of the proximal segment of the osteotomy with four 4.5-mm angular stability screws and 3 more in the distal fragment. To achieve correct adaptation of the plate to bone, the use of a 4.5-mm cortical screw in the first of the 3 distal holes is recommended. Once adapted to the tibia, the rest of the distal fixation can also be carried out with angular stability screws.Fig 4(A) Right knee, medial view. The proposed biplane HTO. The horizontal cut (H) is similar to the standard cut. The vertical cut (V) of the osteotomy runs posterior to the anterior tibial tuberosity. (B) View of the 3 cuts taken from the medial side of the joint. (HTO, high tibial osteotomy.)Fig 5(A) Right knee, medial view. Correction is achieved using a metallic wedge that is introduced in the most posterior part of the osteotomy site. That creates a trapezoidal gap minimizing the risk of any tibial slope increment. (B) Anteroposterior cortical screw fixing the TT. This screw fixation prevents anterior tilting of the TT, which might lead to an increase of the posterior tibial slope. (TT, tibial tuberosity.)

Once the fixation was finished, the opening wedge was removed. The osteotomy gap was then filled with tricortical iliac crest allograft ([Fig 6](#fig6){ref-type="fig"}). A step-by-step summary of this technique is provided in [Table 1](#tbl1){ref-type="table"}.Fig 6(A) Right knee, medial view. Locking LOQTEQ HTO plate. (B) Osteotomy gap filled with tricortical iliac bone crest allograft (ICA).Table 1Step-by Step Open-Wedge Valgus High Tibial Osteotomy With Inverted L-Shaped Configuration TechniqueStepDescription1The patient is positioned supine at the operative table, with 90° knee flexion, using a distal foot support and a lateral support for the thigh.2A 6- to 7-cm longitudinal approach midway between the tibial tuberosity (TT) and the posteromedial border of the tibia was performed.3The semitendinosus and gracilis tendons are released as well as the distal insertion of the superficial medial collateral ligament is performed. The patellar tendon is identified and protected with a retractor.4Under fluoroscopic control, a 2.4-mm guiding Kirschner wire (K-wire) is placed in the medial cortex of the tibia at the metaphyseal-diaphyseal transition zone, aiming to the tip of the fibular head in a proximal and posterolateral direction.5The K-wire guided the sagittal cut performed in the posterior two-thirds of the tibia. This section of the osteotomy ended 1-2 cm medial to the lateral tibial cortex.6The second section of the osteotomy is vertical in the coronal plane, and it extends 3-4 cm distally, thereby maintaining the TT together with the proximal segment of the osteotomized tibia.7The desired correction is achieved using a metallic wedge introduced in the most posterior part of the osteotomy site, thereby creating a trapezoidal gap.8One or 2 anteroposterior 3.5-mm cortical screws fixing the TT is/are secured before the osteotomy plate is placed.9Then, the locking LOQTEQ HTO plate is accordingly fixed. This plate allows a fixation of the proximal segment of the osteotomy with 4 angular stability screws of 4.5 mm and 3 more in the distal fragment.10The osteotomy gap was filled with tricortical iliac crest allograft.[^1]

After the posterior Hohmann retractor was removed, the medial collateral ligament covered the osteotomy plate. Then, the semitendinosus and gracilis tendons were repaired. Suction drainage was used on the plane of the osteotomy to minimize the risk of hematoma. Pearls and pitfalls to performing this surgical procedure are listed in [Table 2](#tbl2){ref-type="table"}.Table 2Pearls, Pitfalls, and RisksPearls-Double inverted L-shaped open-wedge HTO has 2 osteotomy planes. Whereas the horizontal cut is similar to the standard open-wedge HTO, the vertical part of the osteotomy runs posterior to the anterior tibial tubercle.-The desired vertical section of the inverted L-osteotomy is marked with electrocautery and subsequently performed.-It is crucial to maintain a perfect perpendicularity to the main axis of the bone in the sagittal plane so as to avoid tibial slope modifications.-The use of a calibrated saw and osteotome allows reducing the use of image intensifier and thus the dose of radiation.-The tibial tuberosity (TT) fragment should maintain a thickness of about 10 mm in the most proximal part to minimize the risk of fracture.-The metallic wedge is placed in the most posterior part of the osteotomy site, creating a trapezoidal gap that minimizes the risk of tibial slope increment.-One or 2 anteroposterior 3.5-mm cortical screws fixing the TT is/are secured before the osteotomy plate is placed, to prevent anterior tilting of the TT leading to an increase of the posterior tibial slope.-To achieve a correct adaptation of the plate to bone, it is recommended to use a 4.5-mm cortical screw in the first of the 3 distal holes.-A suction drainage is used to minimize the risk of hematoma.-Patients started continuous passive motion of the knee as well as isometric quadriceps strengthening exercises immediately after surgery. During the first 3 weeks, toe-touch partial weight bearing is allowed. Progress to full weight bearing is accomplished over 3-6 weeks as tolerated.Pitfalls and Risks-Increased tibial slope increases anterior cruciate ligament tension and may compromise its function. Patella baja often causes anterior knee pain and may favor degeneration of the patellofemoral joint.-There is a risk of fracture on the second vertical plane of the osteotomy and the lateral tibial cortex-Stiffness can occur if the patient is not able to follow the established rehabilitation protocol.[^2]

Rehabilitation Protocol {#sec1.4}
-----------------------

Patients should start continuous passive motion of the knee as well as isometric quadriceps-strengthening exercises immediately after surgery. During the first 3 weeks, toe-touch partial weight bearing is allowed. Progress to full weight bearing can be achieved over 3 to 6 weeks as tolerated ([Video 1](#appsec1){ref-type="sec"}).

Discussion {#sec2}
==========

Traditional OWHTO techniques cause distalization and lateralization of the TT, resulting in a decrease of patellar height as suggested by Goutallier et al.[@bib12] using a mathematical model. In a recent study, Amzallag et al.[@bib13] showed that patellar height decreased more than 20% in one-third of patients after an OWHTO. With the L-OWHTO technique, the tibial tuberosity remains attached to the proximal fragment of the osteotomy. Subsequently, the patellar height remained unchanged. Gaasbeek et al.,[@bib14] in a study with 17 patients, showed the results of an OWHTO preserving the TT attached to the proximal tibia and fixing the TT with an anteroposterior screw. However, those authors did so after the osteotomy plate was fixed. Thus, this anteroposterior screw could not have prevented any eventual anterior tilting of the proximal fragment. It is likely that the different sequencing of the osteotomy\'s fixation provides better contact between the tibial tuberosity and the distal tibial fragment.

Standard OWHTO is contraindicated in patients with patella baja or infera. The CDI defines patella baja as those between 0.6 and 0.8. Those below 0.6 are considered patella infera. In a retrospective Level IV study of patients who had undergone an OWHTO, El-Amrani et al.[@bib15] observed that the worse functional results were associated with postoperative patella infera. They observed that patellar height decreased by 10% to 15% after an OWHTO, but without correlation to the degree of axial correction. Gaasbeek et al.[@bib14] also found a significant reduction in the CDI after an OWHTO.

Several studies have shown that HTO might result in tibial slope changes. In general, the posterior tibial slope increases after open-wedge high tibial osteotomies and decreases after the closed-wedge type.[@bib16] The increase in tibial slope may result in a correction loss on the frontal plane[@bib17] and could alter in situ cruciate ligament forces and influence knee stability and kinematics.[@bib16], [@bib18], [@bib19], [@bib20] Changes to the tibial slope might also accelerate the process of joint degeneration because of alterations in knee kinematics and its biomechanics.[@bib21]

To maintain the posterior slope, there is the suggestion that the anterior opening of the osteotomy site should be half of the posterior opening of the wedge.[@bib22] The current technique avoids any increment in the tibial slope by creating a trapezoidal gap and first fixing the TT with an anteroposterior screw. A list of advantages and limitations of our procedure can be found in [Table 3](#tbl3){ref-type="table"}.Table 3Advantages and LimitationsAdvantagesSimple and reproducibleUnlike the lateral closing-wedge high tibial osteotomy, this technique avoids fibular osteotomy and the associated risk of peroneal nerve complicationsAchieves a correction of the axial malalignment without changing patellar height or posterior tibial slopeEffective surgical intervention to treat medial compartment knee osteoarthritis and varus malalignment in young and middle-aged patients with a normal to low patellar heightLimitationsRisk of fracture on the second vertical plane of the osteotomy if the thickness is less than 10 mmRisk of fracture on the lateral tibial cortexSoft tissue pain related to the osteotomy plate

In conclusion, the OWHTO with a dihedral L-cut distal and posterior to the tibial tubercle accurately corrects axial malalignment without changing patellar height or the posterior tibial slope ([Fig 7](#fig7){ref-type="fig"}). The radiographic as well as the clinical results support the use of this technique in the treatment of medial compartment knee osteoarthritis and varus malalignment in young and middle-aged patients with a normal to low patellar height.Fig 7Postoperative radiographic sagittal imaging. Note that neither modification in patellar height nor posterior tibial slope has been made.

Supplementary Data {#appsec1}
==================

Video 1Full-weight-bearing long-leg standing anteroposterior radiographs are taken to determine the angle of the extremity and the desired degree of correction. Right knee, medial view: the patient is positioned supine on the operating table with the knee at 90° of flexion, using a distal foot support and a lateral support for the thigh. Once the arthroscopic evaluation of the knee has been done, using the standard medial and lateral portals, a 6- to 7-cm longitudinal approach midway between the tibial tuberosity and the posteromedial border of the tibia is performed. The semitendinosus and gracilis tendons as well as the distal insertion of the superficial medial collateral ligament are released. A Hohmann retractor is placed between the medial collateral ligament and the posterior cortex of the tibia. The patellar tendon is identified and protected with a retractor. The osteotomy has 2 planes. Whereas the horizontal cut is similar to the standard cut, the vertical part of the osteotomy runs posterior to the anterior tibial tubercle. Under fluoroscopic control, a 2.4-mm Kirschner guidewire is placed in the medial cortex of the tibia at the metaphyseal-diaphyseal transition zone, aimed toward the tip of the fibular head in a proximal and posterolateral direction. The desired vertical section of the inverted L-osteotomy is marked with electrocautery and subsequently carried out. Maintaining perfect perpendicularity to the main axis of the bone on the sagittal plane is crucial to prevent tibial slope modifications. This section of the osteotomy ends 1-2 cm medial to the lateral tibial cortex. The second section of the osteotomy is vertical on the coronal plane and it extends 3-4 cm distally, thereby keeping the TT together with the proximal segment of the osteotomized tibia. The desired correction is achieved using a metallic wedge introduced in the most posterior part of the osteotomy site (i.e., posterior tibial cortex), thereby creating a trapezoidal gap that minimizes the risk of any tibial slope increment. One or two 3.5-mm anteroposterior cortical screws that fix the TT are secured before the osteotomy plate is put in place. This screw fixation prevents anterior tilting of the TT, which leads to an increase of the posterior tibial slope. Next, the locking LOQTEQ HTO plate is accordingly fixed. This plate allows for fixation of the proximal segment of the osteotomy with 4.5-mm angular stability screws, with 3 more of them in the distal fragment. To achieve correct adaptation of the plate to bone, the use of a 4.5-mm cortical screw in the first of the 3 distal holes is recommended. Once adapted to the tibia, the rest of the distal fixation can also be done with angular stability screws. Once fixation is completed, the opening wedge is removed. The osteotomy gap may be filled with autograft from different sources, bone substitutes, or even left empty waiting for its spontaneous healing. However, the authors prefer to fill the gap with tricortical iliac crest allograft. After the posterior Hohmann retractor is removed, the medial collateral ligament covers the osteotomy plate. Now, the semitendinosus and gracilis tendons are repaired. In conclusion, an open-wedge HTO with a dihedral L-cut accurately corrects axial malalignment without changing patellar height or posterior tibial slope. (TT, tibial tuberosity.)ICMJE author disclosure forms
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[^1]: HTO, high tibial osteotomy.

[^2]: HTO, high tibial osteotomy.
